The Automobile pollution is the major source of pollution. The majority of the environmental pollution is from the two-wheeler automobiles due to their large number. A study on nano-particle reveals that the ratio of surface area of nano-particle to the volume of the nano-particle is inversely proportional to the radius of the nano-particle. So 
Introduction
Nanotechnology is one of the most emerging fields of science today due to its manifold applications and utility. Nano-particles are used for a variety of purposes from medical to scientific. Actually, when the size of a particle is reduced to the extent of about 10 -9 m, it is called nano-particle. The small size of the particle makes it highly reactive Therefore; the nano-particles are also used to treat a variety of ailments and diseases like cancer. The major contributor of environmental pollution is the exhaust emissions from the tail pipe of automobiles. A complete re-design may not be as lucrative as the modification of the exhaust tailpipe arrangement. The exhaust emissions can be treated by nano-particles before ejecting them to atmosphere [1] . The exhaust emissions mainly contain carbon di-oxide which causes global warming and CO which is very harmful to human health and welfare [2] . Unburnt hydrocarbons are present in exhaust emission due to incomplete combustion. The level of unburned hydrocarbons is specified as parts per million (ppm) carbon atoms. The total hydrocarbon emissions are used as a measure of the combustion efficiency. Treatment of the exhaust gas means that some cleaning action must occur after the exhaust emissions leave the engine cylinder and exit from the tail pipe which enters in to atmosphere [3] . A comprehensive review on the application of nano-technology in automotive pollution control was covered. First, the essential aspects of environmental problems due to automotive industry were discussed and then the application of nanotechnology towards the prevention and control of these problems were suggested in detail [4] . The utility of the nano-particles towards automobile pollution control was explained in detail. The nanoparticle coating on the catalytic converter of automobiles can be very helpful in the reduction of pollutant concentration and thus reduce the pollution level in atmosphere [5] . Amongst main metals like Au, Ag, Pd, Pt, towards which nanotechnology research is directed, copper and copper based compounds are the most important. The metallic Copper plays a significant role in modern electronics circuits due to its excellent electrical conductivity and low cost nanoparticles [6] . Copper based nano-particles are gaining wide popularity due to high reactivity and good conductivity [7] . The post pollution control method in two-wheeler automobiles using nano-particle as a catalyst was proposed. A study on nano-particle reveals that the ratio of surface area of nanoparticle to the volume of the nano-particle is inversely proportional to the radius of the nano-particle. So, on decreasing the radius, this ratio is increased leading to an increased rate of reaction and the concentration of the pollutants is decreased [8] . It involves the use of copper nano-particle which is cheaper than the platinum, palladium and rhodium nano-particles used in automobiles [9] . A microprocessor based analyzer was used for measurement of CO and HC emissions [10] . To control the exhaust emissions from two stroke single cylinder spark ignition petrol engine having copper nano-particles coated on copper sieve as catalytic converter was used. AVL-422 Gas analyzer was used for the measurement and comparison for CO and unburned hydrocarbon in the exhaust of the engine at various speeds and loads [11] . The conversion efficiency of a catalytic converter mounted on a vehicle with spark ignition engine was evaluated under steady operating conditions [12] . Three way converters have been compared to understand the influence of the substrate on the exhaust gas conversions for different operating conditions of vehicle [13] . Various tests conducted on four stroke engine reveal that the copper coated engine showed a better performance than a normal engine [14] . On using copper powder, the catalytic efficiency was found to increase as the size of the powder decreased [15] . A nano catalytic converter was designed and manufactured to reduce the pollution in the environment [16] . Nanocoatings can be used to reduce surface roughness of engine components and to act as protective coating against wear of components. Experiments were conducted to improve the engine performance and reduce the emissions of HC and CO from vehicle. Some alterations and modifications have been designed so as to increase the retention period of exhaust gases to provide more time for its oxidation and thereby to reduce harmful emissions [17] . The Experimental Setup is as shown in Figure 1 : 
Behavioral Modeling and Simulation of Two Stroke Engine and Designed Catalytic Convertor
In behavioral science, system theory and dynamic system modeling, a behavioral model reproduces the required behavior of the original analyzed system, such as there is a one-to-one correspondence between the behavior of the original system and the simulated system. The behavioral approach is motivated by the aim of obtaining a framework for system analysis that respects the underlying physics. The behavior may be achieved in simulation with a mixture of ideal or otherwise physically unrealistic components if it successfully recapitulates the behavior of the system under analysis.
This section basically deals with the behavioral modeling and simulation of two stroke engine with developed catalytic convertor. The basic idea of behavioral modeling starts from analyzing the practical behavior of two stroke engine and designed catalytic convertor and then approximating obtained behavior in terms of mathematical equations. These obtained equations actually represent behavior of concern system. Once mathematical equations are obtained, next stage is to implementation of these equations in Simulink platform. The last process is the validation check by the simulation of developed model.
Behavioral Modeling of Two Stroke Engine
This subsection presents the complete behavioral modeling of two stroke engine, during modeling of engine following parameters are important and has to address during modeling.
i.
Horse power of engine.
ii. Speed of engine in RPM.
iii. Applicable load during running condition.
These three important parameters are basically independent variable for modeling, and it is difficult to address simultaneously. However among these three, one can be assume constant, so for modeling of two stroke engine, in this paper horse power of engine is taken as constant, this leads the reduction of one independent variable from the list. Now following steps provide complete idea of behavioral modeling of two stroke engine.
Step 1. Define the behavior of two stroke engine in terms of input and output variables. For modeling of this paper the input variables are:
Speed of engine in RPM.
ii. Applicable load during running condition.
Similarly the output variables for our work are i. CO in percentage.
ii.
HC in PPM.
To analyze the behavior of two stroke engine, practical experiment has been performed and data collected is shown in Table (1). Step 2. From Table ( 1), it is clear that there are two different speed conditions and each speed value consist two different load conditions. So for proper behavioral analysis of two stroke engine, we have to analyze the complete behavior in two parts, i.e., based on different speed conditions. Hence the complete modeling is also divided in two parts.
Step 3. Modeling of two stroke engine for speed = 1500 RPM. Table ( 2) shows the behavior of engine for 1500 RPM. Now by dividing the modeling in two parts actually provides reduction of second independent variable, and hence for modeling now we have only one independent variable and two dependent output variables. Figures (1) and (2) shows plot of CO and HC with respect to Load values for fixed speed 1500 rpm. Step4. Modeling of equation 1 and 2 in MATLAB Simulink:
After getting the equations the next step is to make Simulink model. Step5. Similarly we can obtain equations for CO and HC for speed of 1800, 2000 and 2200 rpm.
The equations obtained are as follows:
For Speed = 1800 rpm. 
iii. For Speed = 2200 rpm.
= −4.266 + 9.6 2 − 6.533 + 2.79
= −2517 3 + 5792 2 − 4042 + 2486 (8)
Step 6. Development of complete model including two models 
Behavioral Modeling of Catalytic Convertor for Two Stroke Engine
In this subsection we provide behavioral modeling of physically designed catalytic convertor for getting reduction in amount of CO and HC obtained from two stroke engine with the help of nano material.
Step 1. Behavior analysis: Tables (3) and table ( 
Simulation of Complete system and simulation Results
The complete simulation model for this paper has been successfully implemented and shown in Figure (13 ).
Figure 13. Simulation Model of Two Stroke Engine with Catalytic Converter

Analysis of Developed Simulation Model
After development of simulation model for a physical device, it must undergo for testing. This subsection provides a complete statistical analysis for practical engine with catalytic convertor and simulation model developed. To present a deep analysis, the complete analysis is divided in two parts. In first part we have shown analysis of engine model alone, while in second part an analysis of complete engine with catalytic convertor as shown is briefly discussed.
Analysis of Engine Alone
For the proper analysis of developed engine model, comparative evaluated values for the two stroke engine are shown in Table (5) . From Table (5) it is clearly observable, that the maximum percentage error obtained for CO is .25% and for HC is 0.148%, which are very small and hence the developed behavioral simulation model of two stroke engine is the exact replica of practical two stroke engine considered for this work.
Analysis of Complete Engine with Catalytic Convertor
For the proper analysis of developed Catalytic Convertor model, comparative evaluated values for the Catalytic Convertor are shown in Table ( 6). From Table (6) it is clearly observable, that the maximum percentage error obtained for CO is 8.93% and for HC is 9.16%, which are very small and hence the developed behavioral simulation model of complete engine with catalytic convertor is the exact replica of practical complete two stroke engine with catalytic convertor considered for this work.
Results and Discussion
There are two methods of control of pollution namely; pre-pollution control and post pollution control. Many environmentalists are interested in using precious metal nanoparticles as exhaust filters, both for vehicles and for power plants. In vehicles, particularly those that are diesel-powered, the nano-particles have been shown to be effective in oxidizing harmful hydrocarbon compounds that are released in their exhaust, thereby reducing their negative impact on the atmosphere. Platinum, gold and palladium are the most commonly used when it comes to diesel filtering. The proposed method is very effective in the prevention of environmental pollution contributed from two-wheeler automobiles. It involves the use of copper nano-particle which is cheaper than the platinum, palladium and rhodium nano-particles used in automobiles. The catalyst increases the rate of reaction by adsorption of reactants in such a form that the activation energy for reaction is reduced far below its value in non-catalytic reaction. Copper metal is selected for the present work as it is cheaper than platinum, palladium and rhodium also it adsorbs the reactants molecule strongly enough to hold and active the reactants but not so strongly that the product can't breakaway also the diffusion of reactants and products into and out of the pore structure of copper took place efficiently. Due to this, the pollution level for the exhaust emission of S.I. engine has found to be reduced which is better with nano-sized catalytic converter.
The idea behind the work is to create a structure that exposes the maximum surface area of catalyst to exhaust stream, also minimizing the amount of catalyst required. Air pollution can be remediated using nanotechnology in several ways. One is through the use of nano-catalysts with increased surface area for gaseous reactions. Catalysts work by speeding up chemical reactions that transform harmful vapors from cars and industrial plants into harmless gases. To achieve this objective, an innovative design of catalytic converter for two-wheeler automobiles is proposed using nano-particle as a catalyst. The converter uses two different types of catalyst, reduction and oxidation catalyst. In the present work, the experimentation has been done for a two stroke engine with and without catalytic converter and the results clearly reveals that the emission level can be reduced by the use of catalytic converter.
Conclusion
In the current scenario, the pollution control is a crucial area for research and development. Lots of work has been done by the researchers in this connection but the area is still lacking for an efficient technique which can provide highly robust emission control for all the operating conditions of vehicles. The idea behind the work is to create a structure that exposes the maximum surface area of catalyst to exhaust stream, also minimizing the amount of catalyst required. The exhaust gases pass through a bed of catalyst and the catalytic action takes place at surface of copper which are porous and the higher catalytic activity towards the oxidation of CO and HC could be due to the higher catalytic surface area of small nanoparticles.
The proposed method is very effective in the prevention of environmental pollution contributed from two-wheeler automobiles. It involves the use of copper nano-particle which is cheaper than the platinum, palladium and rhodium nano-particles used in automobiles. This paper opens a gateway to study the changes in the concentration of exhaust emissions due to the nano-material copper coating. The modeling will help in understanding the mathematical nature of the process and simulation will help in predicting the results with ease. 
